Aim: Metabolic syndrome (MetS) is a clustering of factors that are associated with increased cardiovascular risk. We aimed to investigate the proportion of patients with MetS in patients undergoing cardiac rehabilitation (CR), and to describe differences between patients with MetS compared to those without MetS with regard to (1) patient characteristics including demographics, risk factors, and comorbidities, (2) risk factor management including drug treatment, and (3) control status of risk factors at entry to CR and discharge from CR. Methods: Post-hoc analysis of data from 27,904 inpatients (Transparency Registry to Objectify Guideline-Oriented Risk Factor Management registry) that underwent a CR period of about 3 weeks were analyzed descriptively in total and compared by their MetS status. Results: In the total cohort, mean age was 64.3 years, (71.7% male), with no major differences between groups. Patients had been referred after a ST elevation of myocardial infarction event in 41.1% of cases, non-ST elevation of myocardial infarction in 21.8%, or angina pectoris in 16.7%. They had received a percutaneous coronary intervention in 55.1% and bypass surgery (coronary artery bypass graft) in 39.5%. Patients with MetS (n = 15,819) compared to those without MetS (n = 12,085) were less frequently males, and in terms of cardiac interventions, more often received coronary artery bypass surgery. Overall, statin use increased from 79.9% at entry to 95.0% at discharge (MetS: 79.7% to 95.2%). Patients with MetS compared to those without MetS received angiotensin converting enzyme inhibitors, angiotensin receptor blockers, oral antidiabetics, and insulin at entry and discharge more frequently, and less frequently clopidogrel and aspirin/clopidogrel combinations. Mean blood pressure was within the normal range at discharge, and did not differ substantially between groups (124/73 versus 120/72 mmHg). Overall, between entry and discharge, levels of total cholesterol, low density lipoprotein cholesterol, and triglycerides were substantially lowered, in particular in MetS patients. Thus, control rates of lipid parameters improved substantially, with the exception of high density lipoprotein cholesterol. Low density lipoprotein cholesterol rates ,100 mg/dL increased from 38.7% at entry to 73.8% at discharge (MetS: from 39.4% to 74.6%) and triglycerides control rates (,150 mg/dL) from 58.1% to 70.4% (MetS: 43.7% to 62.2%). Physical fitness on exercise testing improved substantially in both groups. Conclusion: Patients with and without MetS benefited substantially from the participation in CR, as their lipid profile, blood pressure, and physical fitness improved. Treatment effects were similar in the two groups.
Introduction
Despite a declining incidence in recent years, cardiovascular events remain a leading cause of morbidity and mortality in most regions worldwide. In clinical practice, the prediction of such events to identify patients at high cardiovascular risk and to offer them preventive measures is of high priority. 1 Substantial research has been performed on the clustering of cardiovascular risk factors named metabolic syndrome (MetS) and the question whether this clustering represents a disease entity in its own right. At least five definitions with slight or moderate deviations from each other have been proposed by international organizations or by expert groups. [2] [3] [4] [5] [6] [7] The most frequently used ones have been issued by the National Cholesterol Education Program Adult Treatment Panel (NCEP ATP) III 5 and by the International Diabetes Federation (IDF). 7 A setting with a known high prevalence of patients with MetS is cardiac rehabi li tation (CR). CR is primarily indicated for patients who have received a diagnosis of acute myocardial infarction, have undergone coronary revascularization, or have chronic stable angina. 8, 9 The goals of CR and secondary prevention involve a program of prescribed exercise and interventions designed to modify coronary risk factors, including drug therapy. The aims are to prevent disability resulting from coronary disease, particularly in elderly persons and those with occupations that involve physical exertion, and to prevent subsequent coronary events, subsequent hospitalization, and death from cardiac causes. 8 The benefits of CR are broad and compelling. Exercise together with nutritional counseling can slow the atherosclerotic process 10, 11 and lead to lower rates of cardiac events and hospitalizations. 10, 12 In a review of 22 studies, an average mortality reduction of 20% has been described for patients who underwent CR with exercise. 13 In Germany, the transfer of cardiac patients from the hospital to the CR clinic is an established procedure with low barriers, and is particularly independent of socioeconomic status. Thus the situation represents not usual but rather best practice, which can be analyzed to investigate effectiveness of therapy under real practice conditions. 9, 14 It can be expected that a higher percentage of cardiac patients in CR fulfill the definition of MetS, but to date no specific data have been reported in this setting. The Transparency Registry to Objectify Guideline-Oriented Risk Factor Management (TROL) is one of the largest registries on CR and has been used, among others, for the description of secular trends in the management of patients in "realworld" CR. 15 We performed a post-hoc analysis of data of the registry with the aim to investigate the proportion of patients with MetS in patients undergoing CR, and to describe differences between patients with MetS compared to those without MetS using the IDF definition 7 with regard to (1) patient characteristics including demographics, risk factors, and comorbidities, (2) risk factor management including drug treatment, and (3) control status of risk factors at entry to CR and discharge from CR.
Methods

Source of data
TROL is a large scale prospective registry set up in 2003 under the auspices of the German Society for Prevention and Rehabilitation. 16 Centers were eligible to participate if they had a significant number of CR patients, and were selected across Germany to ensure that all 16 federal states were represented adequately. 15, 17 Participating physicians documented inpatients on standardized case report forms. The ethics committee of the Bavarian Physician Chamber approved the study, and all patients provided informed consent. Patient data protection was ensured. We report an analysis of the dataset of the years 2005 to 2008, which comprises 27,904 patients with adequate and complete information to decide on the presence of MetS.
CR program
CR programs are not standardized in Germany in terms of type (eg, inpatient versus outpatient), length, structure, or components. However, the vast majority of patients undergo in-hospital rehabilitation therapy usually for 3-4 weeks. 9 Key features of these programs are gradual increase in activity levels, continuation of risk factor modifications (eg, lipid lowering), and development of maintenance programs.
9,15
Variables
The following patient characteristics were recorded: (1) demographics: age, gender, body mass index (BMI); (2) length of stay: rehabilitation beginning and end; (3) risk factors (diabetes mellitus, hyperlipoproteinemia, arterial hypertension, smoking, positive cardiac family history); (4) concomitant diseases: peripheral arterial disease, previous stroke; (5) systolic and diastolic blood pressure at entry and discharge; (6) laboratory parameters at entry and discharge: total cholesterol (TC, mg/dL), low density lipoprotein cholesterol (LDL-C, mg/dL), high density lipoprotein cholesterol (HDL-C, mg/dL), triglycerides (TG, mg/dL), fasting blood glucose (mg/dL); (7) cardiopulmonary exercise testing (Watts); (8) 
Results
Patient demographics and characteristics
Total cohort Demographic and clinical characteristics are summarized in Table 2 . The proportion of males in total was 71.7%, the average age 64.3 ± 11.5 years, the mean BMI was 28.4 ± 4.8 kg/m 2 . Cardiovascular risk factors were highly prevalent as expected, in particular lipid disorders (97.1%), diabetes mellitus (35.7%), arterial hypertension (86.9%), and former or current smoking (47.7% and 15.7%, respectively). In addition to coronary artery disease, 12.2% of patients also had peripheral artery disease, and 8.8% had had a prior stroke event.
Patients with ST elevation myocardial infarction (STEMI) were the largest group (41.1% of patients), followed by non-ST elevation myocardial infarction (NSTEMI; 21.8%) and instable angina pectoris (16.7%). In terms of therapy at the acute hospital, percutaneous coronary intervention was more often reported compared to coronary artery bypass graft (55.1% versus 39.5%, respectively).
Subgroups with and without MetS
Due to the large sample size, statistically significant differences between the two subgroups were noted for all mentioned demographic and clinical characteristics with the exception of NSTEMI. Patients with MetS compared to those without MetS were less frequently men, and naturally differed with respect to components of the MetS definition (having a higher BMI, a higher waist circumference, more often hypertension, and substantially more often diabetes (52% versus 14%, respectively). Mean fasting glucose was higher in patients with MetS compared to those without MetS (115 mg/dL versus 98 mg/dL), as was glycosylated hemoglobin (HbA 1c ; 6.6% versus 6.1%). In terms of cardiac interventions, patients with MetS more often received coronary artery bypass graft surgery.
Drug utilization Total cohort
Drug treatment at entry and discharge is shown in Table 3 . In the total cohort, the majority of patients received statins at entry (any drug in 79.9%). In particular, simvastatin (61.0%, at a mean dose of 30.4 mg/day), atorvastatin (7.0%, mean dose 28.9 mg/day), and fluvastatin (7.9%, mean dose 60.2 mg/day) were reported. At the end of CR stay, almost all patients received statin therapy (any statin in 95.2%). The rates of simvastatin use increased, while all other statins decreased somewhat. Furthermore, overall the respective mean dosages increased slightly, eg, for atorvastatin to 32.3 mg/day.
Treatment with cholesterol absorption inhibitors increased substantially during the CR (from 7.2% to 47.2%).
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ASA use remained nearly unchanged at a high level (at discharge 84.2%), while clopidogrel alone or in combination with ASA decreased somewhat. ACE inhibitors and ARBs were frequently used in this study (at discharge 72.6% and 16.3%, respectively).
Subgroups with and without MetS
In the statistical comparison, there were statistically significant differences for almost all drug classes between patients without MetS and those with MetS. To note major differences, patients with MetS had more frequent use of 
Target level attainment Total cohort
Lipid levels, other surrogate parameters, and target level attainment at entry and at discharge are shown in Table 4 . In the total cohort at entry mean TC was 184.9 mg/dL, mean LDL-C 113.8 mg/dL, mean HDL-C 43.2 mg/dL, and mean TG 157.4 mg/dL. At discharge, mean values had considerably improved (TC 152.6 mg/dL, LDL-C 86.1 mg/dL, and TC 136.1 mg/dL), while HDL-C remained unchanged. Figure 1A -E display control rates of various lipid parameters alone and in combination at entry and discharge, in the total cohort and by subgroup. Overall, between entry and discharge, control rates of lipid parameters improved substantially, with the exception of HDL-C. The LDL-C goal (,100 mg/dL) was achieved at entry by 38.7% of patients and at discharge by 73.8%, the TC goal (,200 mg/dL) at entry by 66.7% of patients and at discharge by 90.3%, the HDL-C goal (.50 mg/dL in women; .40 mg/dL in men) at entry by 44.0% of patients and at discharge by 44.4%. Furthermore, the TG goal of ,150 mg/dL was met at entry by 58.1% of patients and at discharge by 70.4%. Combined lipid goals for HDL-C + TG were reached by 29.0% of patients at entry and by 34.6% at discharge; for LDL-C + HDL-C + TG by 11.5% at entry and by 25.9% at discharge.
Mean systolic and diastolic blood pressure were decreased to 122/72 mmHg (entry: 130/77 mmHg), and the maximum exercise capacity increased to 94 Watts (entry: 77 Watts). 
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Mean fasting blood glucose decreased from 108 mg/dL to 103 mg/dL. HbA 1c was only available at entry (mean: 6.5%).
Subgroups with and without MetS
Mean HDL-C was lower and mean TG were substantially higher in MetS patients compared to those without MetS. Target level attainment rates for LDL-C were somewhat higher for patients with MetS at entry, but much lower for HDL-C and TG (Table 4) . This also applied for the combined lipid goals. This pattern did not change at the discharge visit, but overall control rates for all described single parameters (with the exception of HDL-C) had improved substantially. Mean blood pressure did not differ substantially between groups at discharge, and was in the normal range. Exercise capacity was lower in patients with MetS (91 versus 97 Watts).
Fasting blood glucose (as a component of the MetS definition), was higher in the MetS group and was substantially decreased at discharge. HbA 1c was slightly worse in MetS patients compared to those without MetS at entry.
Discussion
The present analysis provides a snapshot of the characteristics, treatment, and risk factor control of patients with MetS in the CR setting in Germany. More than half of patients had MetS. Irrespective of whether MetS was present or not, patients experienced substantial improvement in particular with respect to lipid parameters, but also physical training.
Patient characteristics
Patients with or without MetS were similar in terms of gender distribution and age. The latter finding is notable, because in Notes: LDL-C control was defined as ,100 mg/dL. HDL-C control was defined as .50 mg/dL in females and .40 mg/dL in males. TG control was defined as ,150 mg/dL. Abbreviations: LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglycerides; MetS, metabolic syndrome. Patients with MetS as stipulated by the definition of the syndrome were more often obese, and more often had diabetes mellitus and arterial hypertension. Furthermore, they received more antidiabetic or renin-angiotensin-aldosterone system acting drugs, while the utilization of lipid lowering drugs was similar to patients without MetS. According to our thorough literature search, only one small study has reported in detail the prevalence and profile of MetS in CR following acute coronary syndromes. 19 In a cohort of 225 patients, age (66.7 years) and gender distribution (men 71%) was similar to our study, and a similar proportion (58%) had MetS according to NCEP ATP III criteria, and 65% were on statins. In that study, 3 months' outpatient treatment reduced the mean number of metabolic derangements significantly (from 3.3 to 2.8), and owing to these changes, the prevalence of MetS decreased to 53% in the total cohort.
Definition of MetS
Our analysis was limited to the IDF definition of MetS, and we did not investigate other definitions. Milionis et al have stated in a comparison of three definitions (NCEP ATP III 5 , National Heart, Lung, and Blood Institute/American Heart Association, and IDF), that the latter markedly increased prevalence compared with the other criteria. 20 In a Greek study representing the overall population, adopting the IDF definition increased the prevalence of MetS substantially compared with NCEP ATP III criteria (IDF 43.4% versus NCEP 24.5%). 21 As this was a retrospective analysis, physicians were not aware of the MetS condition, unless they diagnosed it themselves. As the value of the MetS diagnosis (beyond its components) compared to simpler risk assessment tools is controversial, 22, [23] [24] [25] the effect on the treatment of individual risk factors was independent from this diagnosis.
The target values for lipids, 26 blood pressure, 27 or blood glucose 28 and the medication recommendations for patients with coronary heart disease do not differ in the CR setting 29 from patients seen by family physicians. In a previous analysis of the dataset, we had noted that drug treatment in CR appears to have been intensified (in terms of drug classes, drugs, and doses) compared to previous years. 17 An aspect that deserves particular attention is the physical fitness of patients. Previous studies have shown that poor physical fitness is associated with MetS. 7, 11, 25 The combination of both MetS and low fitness (as evidenced by high heart rate $ 83 beats per minute in another study) has very recently been reported to be associated with an almost fourfold increased risk for cardiovascular disease. 30 In our study, patients in both the MetS and non-MetS groups achieved a considerable gain in exercise capacity (in Watts) during CR which might contribute to improved prognosis in the long term.
Treatment
Treatment rates with cholesterol absorption inhibitors increased substantially during CR in patients with or without MetS, while statins in terms of drugs and doses were infrequently changed. The leading statin in practice and in the present study was simvastatin, which is usually administered at doses of 20-40 mg/day for coronary heart disease prevention. High simvastatin doses have been associated with increased risk of myopathy, which might discourage physicians to increase doses. 31 Furthermore, substantial combination data are available for simvastatin/cholesterol absorption inhibitors 32 and, as in other indications (such as arterial hypertension or chronic heart failure), combination treatment appears adequate in patients who have not achieved their treatment targets on monotherapy.
Control of risk factors
Despite the relatively short duration of CR stays, a substantial improvement in lipid parameters was achieved. In particular, TG in the MetS group was reduced from 178 to 149 mg/dL, an effect that was much stronger than in the group without MetS. In addition, in the MetS group effects on TC, LDL-C, and HDL-C were stronger than in the group without MetS. Both groups benefited in terms of a notable blood pressure reduction and a reduction of fasting blood glucose at discharge compared to entry. If the lipid control rates as stipulated by the respective guidelines (eg, LDL-C target , 100 mg/dL) are taken into account, a substantial improvement after the CR stay was also noted (with the exception of HDL-C). Nonetheless, as in previous studies of patients with coronary heart disease in the primary care setting 33, 34 there is further room for improvement in the lipid values, 35, 36 HbA 1c , 37 and blood pressure control rates. 38 Physicians in rehabilitation have to initiate lifestyle modifications or drug treatment (about 3-4 weeks), and face the complexity of coronary heart disease patients who often have concomitant diseases. 39 
Methodological aspects
Among the strengths of the registry are its prospective conduct, its large size and representativeness for the German submit your manuscript | www.dovepress.com
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CR setting, as well as various quality measures (plausibility checks and others). However, selection bias cannot be excluded for physicians (those voluntarily participating in a registry are more likely to have an interest and probably increased knowledge in the topic) and patients (participants may be more adherent to therapy compared to those declining). In addition, missing data or under-reporting of characteristics may decrease robustness of results. We did not collect data on further potentially informative parameters such as uric acid, pro-coagulation, or inflammatory markers.
Conclusion
We found that the proportion of patients with MetS was very high among patients who were enrolled in CR programs. Within a short period of, on average, 3-4 weeks, CR programs led to considerable improvements in patients irrespective of MetS status in terms of mean TC, LDL-C, and TG levels (HDL-C levels also improved in MetS patients). A substantial improvement of risk factors including hypertension and high blood glucose was achieved. Physical fitness that can lower the risk of cardiovascular disease improved in MetS patients to a stronger degree than in patients without MetS. While overall control rates for lipids, blood pressure, and blood glucose are not yet optimal, patients with MetS gain substantial benefit from participation in CR programs.
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